Abstract
Introduction
The Open University of Hong Kong (OUHK) used the Web extensively to support distance education. It uses the Web as a centralized place for course material delivery, assignment management, and a hub for communication with students. This has led to a significant change in the working pattern of academic staff. To ensure smooth course operations, improve adherence to procedures, and enhance student comfort level and retention, academic staff have to expend a lot of effort to interact directly with the Web and communicate with students over the Internet.
Unfortunately, acquiring information from the course Web server requires initiating all information retrieval tasks and interacting directly with the replies from the server. In other words, to manage the course and acquire useful information, the user must interact directly with the course Web server, initiate all tasks explicitly, and monitor and process all the server's responses. This direct-manipulation method of interaction [1] is labor-intensive, consuming a lot of time for unintelligent information retrieval and filtering.
Clearly the Web-based course management systems (CMS) provide many benefits in the service of distance education. However, it is also fair to say that the current ways that we use and interact with the CMS are not ideal. Employing a human teaching assistant to relieve academic staff from manual monitoring and management of course activities is one way to improve the process, but not effectively and efficiently. We investigated employing a software agent to act as a digital teaching assistant to the course coordinator in distance learning environment.
A number of researchers have proposed the uses of software agents in teaching and learning situations. Jafari [2] conceptualized three uses of software agents to assist teachers and students: Digital Teaching Assistant-assists the human teacher in various teaching functions, Digital Tutor-helps students with specific learning needs, and Digital Secretary-acts as a secretary to assist students and teachers with various logistical and administrative needs. Our work involves the first type of software agent. Razek, Frasson, and Kaltenbach [3] proposed the application of software agents to provide distance learning students with timely and useful information in a group discussion. Suzuki and Yamamoto [4] proposed an agent-based distance learning system for effective delivery of distance learning courses.
Software Agents as Teaching Assistants
The main actors in the education process of an OUHK course are students, part-time tutors, and an academic staff member as the course coordinator. Most of the time, these three actors are geographically and temporally remote from each other, and they use the course Web site as the online environment for course delivery, assignment management, and communication. Therefore, the course Web server contains a lot of data about students' learning progress and their study behavior.
We proposed a software agent working in the course Web environment to assist the course coordinator in performing the tasks requiring tedious and direct interactions with the course Web server. Figure 1 depicts how the proposed software agent would work. The agent can be configured through an agent configuration interface to perform its jobs on behalf of the course coordinator. It can retrieve information such as that about students' learning progress and study behavior, aggregate the information, and send e-mails to the coordinator to report status. When appropriate or necessary, the agent can represent the course coordinator in sending e-mails to tutors or students for timely alerts or reminders.
Based on the course coordinator's usual responsibilities, we wanted the software agent to perform the following duties.
1. Send alert e-mails to inactive students (those who have not accessed the course Web site for a long period of time). The course coordinator decides the length of the inactive period and instructs the software agent to send the alert e-mails based on the established time.
2. Send e-mails to inform tutors about inactive students and advise tutors to have proactive consultation with those students.
3. Send e-mail alerts to those students who have not downloaded a particular piece of course material or who have not read an important piece of course news since it was uploaded to the file server. This helps prevent students from missing information or forgetting to download an important item, such as an assignment file.
4. Help the course coordinator keep track of students' progress, and send e-mails to the coordinator and tutors about those students whose performance is at a marginal level 5. Retrieve information from the course timetable and send reminder e-mails to students. For example, it might send a reminder to students five days before an assignment due date and one day before a face-to-face session 6. During the period when assignments are submitted, the agent will monitor the assignment submission status and send e-mails after the due date to those students who have not submitted the assignment. It will also inform the course coordinator and tutors about those students.
We did not follow a rigorous procedure in coming up with this list of tasks-we simply selected them from those of the course coordinators' list of tasks that can be clearly expressed without the need for further clarification or judgment. They are tasks that can be easily delegated to an autonomous software agent. In the absence of software agents, these tasks consumed massive human effort for unintelligent information retrieval and processing.
Implementation
We first installed Red Hat Enterprise Linux (http://www.redhat.com/) as the operating system on a server connected directly to the Internet. This machine is used as the software agent's execution environment. We also installed an Apache Jakarta Tomcat (http://jakarta.apache.org/tomcat/) server in the machine as the Web server. The Tomcat server is a Web application container that can run Java Servlets and JavaServer Pages in Web applications. We chose it because our implementation of the software agent was based on these two Java technologies, and the Tomcat is an open-source, stable, Java-based Web server with good performance.
The software agent has to access course presentation information including the schedule of face-to-face sessions and assignment due dates. The agent also needs to access course news and announcements posted by the course coordinator. For this purpose, we developed a course Web interface for the coordinator to perform the following tasks:
Enter or update course presentation information.
Post course news and announcements.
Upload assignment files and supplementary study material. All this information is stored in the server's database, which the software agent can access to perform its duties. In particular, the agent can send e-mails to students and tutors to:
Remind them about upcoming face-to-face sessions Remind students to submit their assignments before the due date Inform students that a new course item (such as a course announcement or an assignment file) has been posted on the course Web site for them to read or download We also developed a Web interface for students to use in subscribing to the course reminder service. Students can also choose the frequency of those reminder e-mails.
The software agent can access information relating to assignment submission, mark-up progress, and students' assignment scores. The agent needs this information to perform its analysis and reach some conclusions that may be useful for early detection of problems in either the teaching or the learning process. For this purpose, we developed the agent to the extent that it can log into the university's electronic assignment submission and recording system (ASRS), interact with the system to obtain the necessary information, filter the information, and send e-mails to the course coordinator to report its findings. The agent needs the coordinator's authorization (user name and password) before logging into the ASRS. For example, one task the software agent can do on behalf of the course coordinator is locate-after the due date-those students who have not submitted an assignment. The agent reports this to the coordinator by e-mail.
Discussion
We have piloted use of the software agent as a teaching assistant in four OUHK distance learning courses, of which one commenced in April 2004 and three in October 2004. The authors, Choy and Ng, are the course coordinators and the sole users to interact with the software agent to date. As mentioned before, the ultimate function of the implemented agent was to take over routine jobs handled by the course coordinators. Because the coordinators handle those routine jobs in the absence of the software agent, its existence was not noticed by students and tutors. When the agent sent reminder e-mails to students or tutors, it wrote on the coordinator's behalf. During the pilot period, all the software agent's operations, such as accessing course information, processing information, and sending e-mails to the course coordinators, students, or tutors, functioned properly.
Choy and Ng agreed that the software agent was helpful and concluded that course coordinators could save a lot of time by delegating those routine jobs, which involve direct interactions with the course Web site and tedious information processing, to the software agent.
Conclusions
This paper reports on the implementation and realization of a software agent as personal teaching assistant in the OUHK distance-learning environment. The software agent works on behalf of academic staff and have the authority and autonomy to interact with the course Web. It extracts run-time information from the Web servers, aggregates the information, and then sends emails to report its duties to the academic staff. Whenever necessary, it also sends emails to tutors and students for timely alerts and advice. With the software agent working as a teaching assistant, the academic staff can delegate many information processing jobs, increase the efficiency of course coordination, and keep close communication with students.
